Abstract we performed the selective
1 Introduction The efficient utilization of renewable, natural raw materials has become important because of the shortage of energy and chemicals derived from fossil fuels. However , the use of cheap, natural sources of polysaccharides in the processing yields an aqueous mixture of various simple saccharides , the separation of which is a difficult and costly task. The crystallization of pure sugars from an aqueous solution is known to be a poorly reproducible technique. [1] Solvent extraction as an alternative technique has therefore gained interest . Because most saccharides are insoluble in organic solutions, a suitable extractant must be added . Lipophilic boromc acids, which are capable of forming reversible covalent complexes with diol groups in sugars , are the best known extractants for the extraction of saccharides. [2] In an aqueous solution , the trigonal boronates (Scheme 1) are unstable, and the stable anionic tetrahedral boronate ester is formed in the high pH region. Therefore , in order to extract sugar to the organic solution, lpophilic counter cation is necessary. The use of a mixture of phenylboronic acid and trioctylmetylammonium chloride (TOMAC) for the separation of saccharides by solvent extraction and liquid membrane has been reported. [3] [4] [5] [6] [7] In these papers, the extraction behavior in the system has been not quantitatively but qualitatively investigated . 
Solvent effect
First we compared the solvent used, due to the low solubility of the mixture of DB and TOMAC to a non-polar solvent like hexane. Because it has been reported that the addition of alcohol to hexane improved the solubility of TOMAC, [6] we tested 1-octanol and 1-hexanol as a modifier. Figure 1 shows the effect of the volume ratio of alcohol to hexane on the extractability of D-glucose. As is evident from Fig. 1 , 15 % volume fraction of 1-octanol produced the best extractability. This solvent composition, therefore, was used in further investigation. The solvent effect has been explained by solubility parameters. [8] Although the solubility parameter of the mixture of DB and TOMAC was unavailable, solubility parameter of 15 % volume fraction of 1-octanol might be close to that of the mixture of DB and TOMAC. [DB]initial = [QCl]initial = 36 mM, pHinitial = 8.5
Extraction of monosaccharides
The extent of extraction for Glc and M-Glc in the absence and presence of TOMAC are shown in Fig. 2 .
The mixture of DB and TOMAC can extract Glc to the organic phase in the high pH region, as expected. It appears that M-Glc is not extracted because M-Glc has no cis-1,2-diol, which forms ester with DB. These (342) Vol.14 Supplement (2003) behaviors correspond to those of the adsorption of saccharides on boronate-bearing resins. [9, 10] This leads to the conclusion that the saccharides with two or more cis-diol groups might be better for extraction. The extents of extraction for Glc, Gal and Fm are listed in Table 1 . Contrary to expectation, the distribution ratio, D (=
[sacchde]org/[saccharide])aq, increases in the order of fructose < galactose < glucose. This is the opposite order of the stability constant between tetrahedral boronate and monosaccharide in the aqueous solution. [11] This could be caused by that fructose or galactose reacts with two boronates in the aqueous solution to form the stable di-anionic complex, which could not form the ion-pair in the organic solution due to the steric hindrance. On the other hand, glucose, which reacts with one boronate, can easily form the ion-pair with 1:1 stoichiometry in the organic solution. 
The distribution ratio was defined as follows:
The 
